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Why  Polynitrogen  Compounds  ? 


Polynitrogen  compounds  contain  only  nitrogen  atoms  and 
are  expected  to  have  unusual  properties.  Most  important 
among  these  are: 

•  High  endothermicity 

•  “Green”  propellant 

“combustion” product  is  only  gaseous  N2 

•  High  density 

•  High  lSp  values  when  compared  to  other 
monopropropellants  or  bipropellants 

High  detonation  velocity 
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Geometry  of  the  N5+  cation 


V-Shaped  Geometry 


Calculated  Structure 


nv 

(+)  /  %  (+) 
nT  N.  i 


<+)  4  \  {+) 

»/*  Ni 

.N  N 


Resonance  Structure 


y  168.1s  1.107AM 

Experimental  Structure 


7^7#'  fi:  '  * 


^  7  Vlj,  Wilson,  Vij,  Tham,  Sheehy  &  Christe,  ■ 
k%J-  Am.  Chem.  Soc.,  2001, 123, 6308-6313 


N2  makes  contacts  at  2.723  and  2.768  A 
N4  contacts  are  at  2.887  and  2.814  A 

_ *  C&E  News ,  2000,  78,  41 
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m  S 


(In)Compatability  of  Ns 


Attempts  to  couple  N5+  with  energetic  anions 
can  result  in  explosive  reactions  !!! 


n5*n3- 


Nr+CIO„ 


n5-no3- 


N5+N(N02)2' 


Our  goal  Is  the  synthesis  of  an  “aromatic”  polynitrogen  anion  with 

•  A  high  first  ionization  potential 

*  A  high  activation  energy  barrier  towards  decomposition 
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ew  Polynitrogen  Anions  as 
Counterparts  for  Ns+ 


Pentazole  anion  (N5‘) 

■  Theoretical  calculations  show  that  this 
anion  has  a  28  kcal/mole  activation  energy 
barrier  for  decomposition  and  its 
decomposition  to  Ny  and  N2is  only  1 1 
kcal/mol  exothermic 

Free  pentazole  has  not  been  isolated  to 
date.  Only  aryl  substituted  pentazoles  can 
be  isolated  and  stabilized  at  low 
temperatures.  These  compounds  rapidly 
decompose  above  273K  to  form  aryl  azides 
and  N2  gas 


/  2 §  kcal 


11  kcal  \ 


n3-+n2 
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tjF  Synthetic  Challenge  -  How  do  we  make 
_ These  New  Anions?? 


Synthesis  of  Substituted  Pentazoles 

Sources  for  the  Pentazole  Anion  (N5') 


Silyl  Diazonium  Salts 


Aryl  Diazonium  Salts 


R—Si— N2+ 

r' 


R  =  electron 
releasing  group 


£V(.-;Ugi,  Angew 
:  Chem.,  1961, 
:  ;  '  73.172 


R  tm- 


Unknown  \ - f 
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NaN02  +  HCI  - rr*r  NaCl  +  HONO 

3  HONO  (aq)  ==  H30+  +  N03*  +  2NO  *  ^ 


Inorganic  Division  -  Main  Group  Chemistry,  227th  National  ACS  Meeting,  Anaheim-CA,  April  1 , 2004 
Apnl  ’■  2004  Approved  for  public  release,  distribution  unlimited 


Identification  of  Arylpentazoles 


mat 


Pentazoles  can  be  characterized  by  low  temperature  NMR 
spectral  studies  using  15N  labeled  samples. 


•  ’H  NMR:  AB-type  spectrum  with  Ha  and  Hb 

at  8.0  and  7.0  ppm 

•  14N  NMR:  N,  at  ~  -80  ppm 

•  15N  NMR:  N2/N5  at  -  -27  ppm  and  Ng/N4  at  ~4 

ppm 


f 4  N\\? 


"  j.  •  R " 


Note:  Qualitative  evidence  for  the  presence  of  a  pentazole 
ring:  N2  gas  evolution  in  solution 
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1L  Jf  Clea  vage  of  the  Aryl-Pentazole  Bond 
jjF  with  Retention  of  the  Pentazole  Ring 


•  Chemical  Methods 

>  Ozonolysis  does  not  work!  (Ugi,  Radziszewski) 

r  .  v-  Benin,  P.  Kszynski  and  G.  J.  Radziszewski,  J.  Org.  Chem.,  2002,  67, 1354  ■ 

>  Nucleophilic  substitution  using  strong  - 

nucleophiles  such  as  the  OH-,  OR-,  p  etc. 

•  Collisions!  Fragmentation  (ElectroSpray  Ion  Mass  _ jsj 

Spectroscopy  -  ESIMS)  //  \\ 

>  Electrospray  is  very  gentle  and  produces  high 

concentration  of  the  parent  anion  which  can  be  mass  _ _ 1 

selected  f  jp 

>  Negative  ion  detection  eliminates  interference  from  NlP  f [ 

neutral  or  positively  charged  species  l 


Weakest 

bond 
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4  h 


MSMS  of  the  Parent  Ion  Peak 


m 


Labeled 


J5N  Labeled 


*--N  Labeled 


Unlabeled 


Vij  et  a!:',  Angew.  unem.  2002,  41, 


•"  ■  •"  ••  *-•■*  171/Z  ECNe'ws'i  2002,  80,  § 
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Chemical  Cleavage  of  the  C-N  Bond 


Subsequent  Decomposition  of  the 
Pentazoie  Anion 


N3/N4  N2/N5 


Pentazoie 


tl  -  Acquisition 
Oct*.  20020709 

Tin.  12,27 

ZKSTXUH  *p«ct 

>*OBKD  5  m  1BO  It- 
PUL7ACC  tg 

TO  32761 

SOLVENT  OJC13 


20  0  -20  -40  -SO 


-B0  -100  -120  -140  -160 
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Pentazoies  with  Heterocyclic 
Substituents 


*  Tetrazolyl  system  is  unstable  above  -70  °C  and  the 
pentazoie  ring  rapidly  decomposes  to  liberate  N2  gas. 


'  y—NH,  rV-/*r 

~N  ii.  -70  °C,  LiN3*  \ssN 

H  . 


-N,  N; 


fO>~N3 


;::v  A.  Hammerl  and  T.  M.  Kiapoetke,  Inorg.  Chem.  2002,  41,  906-912 

•  In  comparison,  the  pentazoie  ring  derived  from  2-amino-4,5- 


dicyanoimidazole  shows  higher  thermal  stability  (-30  °C) 


Approved  for  public  release,  distribution  unlimited 


ILjI  15 N  NMR  of  2-pentazolyl-4, 5-dicyano 

imidazole 


w 


N-Nx  1.096 


15N  NMR  recorded  in  a  mixture  of  methanol  and  acetonitrile  at  -30  °C, 
nitromethane  used  as  an  external  reference  (0  ppm) 
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Pentazolate  Anion  in  Solution  ? 


/^N 

N\©A 

N  w 


V _ N 


'  ©KCf 

,cr“N  n"N4 


>  ,5N  NMR  shows  a  peak  at  -  -10  ppm  (-30  °C)  upon  addition  of  base,  which  slowly 
decomposes  to  form  N2  and  azide  ion. 

>  This  peak  is  also  observed  upon  adding  a  base  to  the  solution  of  arylpentazoles  at  -30  °C. 
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Chronology  of  the  Pentazolate  Anion 


>  ESIMS  of  /?5ra-hydroxyphenylpentazole 

Vij,  Pavlovich,  Wilson,  Vij,  Christe,  Angew.  Chem.  Inti  Ed.  Engl  2002, 41, 3051 
Submitted:  April  30, 2002;  accepted  July  3, 2002 

>  15N  NMR  studies  showing  a  peak  at  -10.2  ppm  (-40  °C)  due  to  the 
Pentazole  anion  resulting  from  cleavage  of /^xra-methoxyphenylpentazole 
which  slowly  decomposes  to  form  N2  and  azide  ion.  Upon  standing  for 
several  days,  all  peaks  dissappear! 

Butler,  Stephens  &  Burke,  Chem.  Commun.  2003, 1016 
Submitted:  February  6, 2003;  accepted  February  27, 2003 

>  Laser  Desorption  Ionization  (LDI)  time-of- flight  (TOF)  mass  spectrometry 
of  solid  ^r^-A^W-dimethylaminophenylpentazole  shows  peaks  at  m/z:  70 
(N5')  and  -42  (N3').  Peak  at  70  confirmed  by  15N  labeling  experiment. 

Ostmark,  Wallin,  Brinck,  Carlqvist,  Claridge,  Hedlund  &  Yudina, 

. Chem.  Phys  Lett.,  2003, 379, 539 

Submitted:  Jun.  27, 2003;  accepted  August  27, 2003 
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What  are  “ normal ”  N-N  distances  in 
azides? 


1.131  A! 


'1.233  A 


SI 


III 
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Abnormalities  in  azide  distances: 

Artifacts  or  Structural  Contaminants?  W0 

^  A  large  number  of  crystal  structures  reported  in 

Cambridge/Inorganic  GSD  report  unusually  short  Na-Np 
(0.8-  1.0  A)  and  long  Np-Ny  (1.2-1. 4)  distances. 

According  to  VB  theory,  in  covalently  bonded  azides, 
Na-Np>Np-N7 

VVoJfgang,  F.  and  Klapoetke,  T.  In  Inorganic  Chemistry  Highlights;  Meyer  G  - 
Naumann,  D.  and  Wesemann,  L.  Eds.;  Wiley-VCH:  Weinheim,  2002,  Chapter  16 
r,  and  references  therein 

^  most  cases,  these  derivatives  were  prepared  from 

metal  chloride  salts  and/or  recrystallized  from 

chlorinated  solvents 

- - - -  ... 
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% 

Jf  ^activity  of  hexachloroantimonate  (VI)  fpt 
f  with  Trimethylsilylazide 

[Ph4M][SbCl6]  +  Me3SiN3^  [Ph4M][SbCl6.x(N3)x] 

60  °C  M  =  P,  As;  x  =  2-6 

22 

■^The  substitution  of  all  the  six  chlorine  atoms  in  SbCl.p 

by  the  azide  groups  could  not  be  accomplished  in  a  single 
.  step,  as  reported  in  literature.  The  stepwise  substitution 
gives  a  good  insight  into  the  substitution  mechanism. 

yi. Total  substitution  was  achieved  after  four 

refreshment”  cycles  of  the  reagents.  During  the 

intermediate  cycles,  the  azide  content  gradually  increased 

from  two  to  five. 

- - — - - - ... 
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1L  Episode  VI. ..Complete  substitution  of  ipl 

chlorine  atoms  fj|jp 


No  crystal  structure  obtained 

N 

yet.  However,  IR  and  Raman 

spectroscopy  shows  that  Sb-Cl 

N3h-.11|§ 

bonds  are  absent  i.e.,  complete 

^:sb 

substitution  by  the  azide 

groups. 

•K  T 
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ESIMS  of  para-Phenoxypentazole 


Observed  peaks  in  the  MSMS  of  162 


n 


I  :  ,  *n2 

Low  Collison  JL - — 

Voltage  |(Y| 

!  V 


o- 

m/z  =  162 


ES 

MSMS< 


High  Collison 
Voltage 


m/z  =  134 


m/z  =  106 


/NeN' 

N^N 


v Pavlovich’  Wilson, :Vij  &  Christe,  Angew.  Chem.  Int:  Ed.,  2002,  41,  3051-3654  '  " 
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